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Xlaotric  raaiatanoa  strain  gauges  wars  fittad  ts  tlis  tall  of 
a lisaay  landing  craft  in  an  attaapt  to  assass  tha  affaetiaanass  of 
■odifioationa  dasignad  to  atrangtfaan  tha  hall. 

Contrary  to  all  pradletlona»  tha  valoas  of  strain  induciad  by 
loading  tha  ship  aara  axtraawly  Mall,  ahila  thosa  iadooad  in  tha  hall 
by  aarlooa  thamal  affaets  aara  ralatiaaly  lorga.  Mo  raally  aMibla 
data  aaa  obtainad  frooi  tha  tasta.  ^ 
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1.  nmCDDCTIOH 

BMvy  landing  craft  of  tha  Royal  Maatrallan  Mary  ara  fragnantly 
uaad  for  tranaport  on  tha  opan  aaa.  Both  cracking  and  buckling  of  tha 
structura  hava  occurrad  ondar  thaaa  aarara  oonditiona. 

Tha  Maval  Daaign  Offioa,  Caflbarra,  davlaad  a aiRpla  aodifiea- 
tion  for  atrangthaning  tha  hull  fay  raiding  ataal  bara  along  tha  dack  and 
fitting  guaaata  at  tha  front  of  tha  faridga  atructura. 

To  chack  tha  validity  of  thia  aodifioation,  tha  Diractorata  of 
Maval  Ship  Daaign  raqpiaatad  that  ARL  atrain  gauga  a L.C.R.  at  B.N.k.8. 
Noraton  in  Briabana  and  aaaaura  tha  changaa  in  atrain  on  tha  hull 
idiila  hauling  tha  vaaaal  gp  onto  a slipway  for  aodification.  Aftar 
aodifioation,  any  danagad  gaugaa  wars  to  ba  rgplacad  and  tha  ohanga  in 
strain  whila  unalipping  was  to  ba  raad.  it  was  hopad  that  tha 
diffaranca  batwaan  tha  two  aats  of  raadinga  would  provida  a naasura  of 
tha  affactivanasa  of  tha  nodifioations  to  tha  hull. 

2.  IMSTRIllBMTiATlOB 

Tha  ship  was  strain  gaugad  at  12  locations  as  tabulatad  in 
TSbla  1 and  datailad  in  Pigs.  1 to  12. 

Por  rosatta  gauga  positions  1 to  7,  J^owa  typa  XP^2>D3-11 
strain  gaugas  wars  uaad  with  a rasistanca  of  120.2  <daM  and  a gangs 
factor  of  2.09.  TML  typa  ZPlA-6  gaugas  with  a rasistanca  of  120  ohns 
and  a gauga  factor  of  2.12  wars  uaad  for  linaar  gauga  positions  8 to  12. 

Ona  active  and  one  tasparatura  ooapansating  dussqf  gangs  was 
uaad  at  each  location  and  each  gauga  was  also  self  tasparatura  coapansa- 
tad  for  uaa  on  steal. 

Standard  surfaca  preparation  and  cleaning  taehnlgoas  wees 
ssployad,  the  gauges  being  attadtad  with  Micro  Naasurauants  N.  Bond  200 
cyanoacrylate  adhaslva. 

Matarproofing  was  carried  out  by  ooating  the  gangs  positions 
with  Micro  Maasursusats  M.  ooat  D waterproofing  followed  by  a genarona 
ooating  of  Salleys  PR120XQ  polysulphida  rvhber,  alactrioal  potting 


Light  astal  covers  were  placed  ever  installations  on  tha 
as  pcotactlon  frosi  spchanlcal  daaaga. 
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Wlrlng  tram  th«  gauges  to  an  inatruaantatlon  hut  loeatad  on 
tha  wall  dack  of  the  L.C.H.  was  carried  out  using  5 core  shielded 
cables. 

Readings  froai  the  strain  gauges  %Mre  taken  on  ssuiually 
operated  static  strain  ladicatorSf  connected  to  the  gauge  installations 
wla  twelve  channel  switch  bonaSf  located  in  the  instrusentation  hut. 

3.  TEST  PRDCroiRB  MID  lgSPl.T8 

aero  readings  were  taken  on  all  strain  gauges  with  the  ship 
afloat,  iasMdiately  befbre  slipping  and  at  regular  intervals  until 
it  was  fully  up  the  slipway.  Indicated  strains  were  very  ■ueh 
snaller  than  wo  had  been  led  to  ei^eot,  varying  from  one  ■icro-etrain 
in  gauge  4C  to  68  nlcco-strain  in  gauge  12,  instead  of  the  300  or 
greater  eicro-strain  which  had  been  predieted. 

The  stiffening  bars  wore  then  welded  to  the  Chip,  ilaaagsd 
gauges  were  r^laced  where  necessary  and  a further  sot  of  readings 
taken  during  unslipping  of  the  ship. 

Values  of  strain,  neasured  during  slipping  and  unslipping  of 
tha  vessel  are  shown  in  luble  2,  together  with  typical  diangos  in 
strain  due  to  purely  thersel  affects  on  the  hull,  lying  at  rest  la 
the  water,  over  a siadlar  tine  ipar,  with  no  load  applied. 

Intemodlate  results  taken  with  the  hull  partially  out  of 
the  water  have  not  been  tabulated  in  this  report. 

Onfortunately  the  themal  stress  effects  were  so  large  that 
they  caused  grave  doubts  on  the  validity  of  strains  neasured  during 
the  two  hour  period  required  to  slip  or  unslip  the  ship.  Snail 
differences  between  the  two  sets  of  results  were  quite  naanlngless 
and  it  was  not  possible  to  give  any  real  estination  of  the  effective- 
ness of  the  nodlfioation  to  the  ship  fron  these  results. 

Attanpts  were  then  nade  to  secure  useful  data  by  ballasting 
the  ship.  The  fuel  tanks  ware  filled  and  water  was  piwped  into  and 
out  of  various  ballast  tanks  in  the  hull. 

Again  thamal  affects  caused  by  differences  in  tssperature 
between  the  fuel  and  water  punped  into  the  hull  and  tbe  structure,  plus 
the  sun  heating  one  side  of  the  ship,  then  the  deck  and  tha  other  side 
during  the  day,  gave  errors  which  defeated  the  purpose  of  the  enarclse. 


P 

f 


-3- 

Typloal  values  of  indicated  strain > obtained  by  ballasting 
the  ship  fron  a naxlnum  sagging  to  a naxiausi  hogging  condition  are 
shown  in  Table  3,  together  with  typical  theraal  effects,  over 
relatively  short  periods,  with  no  change  in  loading  on  the  ship. 
Ballasting  between  the  two  above  conditions  required  soeie  seventeen 
hours. 
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Single  strain  gauges  of  the  type  used.  Indicate  a zero  shift 
of  approxlaately  1.8  micro-strain  per  degree  Celsius  when  attached 
to  steel.  When  used  in  conjunction  with  taig>erature  ooiq3ensating 
diamqf  gauges,  attached  to  unstrained  steel  plates,  this  figure  drops 
to  less  than  0.3  Bd.cro-strain  per  degree  celslus. 

The  zero  shift  in  the  gauge  bridges,  %rould  therefore  be  a 
maxisaw  of  approximately  5 micro-strain,  with  temperature  change, 
while  those  gauges  on  the  sides  of  the  hull  below  the  water  line, 
should  have  been  close  to  zero.  It  appears  that  tho  indicated  strains 
wears  pure  thermal  strains,  caused  by  the  deck,  siqperstanicture  and 
bulkheads  expar.cllng  or  contracting  in  the  sun  while  the  bottom  of 
the  ship  remained  at  a stable  temperatuare. 

The  magnitude  of  the  thc^amal  effects  clearly  swaaped  any 
data  obtaliaed  from  ballasting  the  ship.  Numerous  anms  ware  taken  in 
an  endeavour  to  separate  the  thcarmal  response  of  tho  ship  farom  the 
meohanlcal  strain  applied,  but  no  clear  picture  emerged.  Thermal 
strains  changed  in  a conpletely  unpredictable  manner. 

Testing  was  tearminated  when  the  ship  sailed. 

4.  COMCLOSIONS  AND  RBOCaeiENDATIONS  \ 

Because  of  the  extremely  small  strains  induced  by  loading 
tho  hull  and  tho  laarge  strains  Induced  by  thearmal  effects  on  the  ship, 
no  reatlly  useful  data  could  be  obtained  farom  tho  tests. 

To  minimise  these  thermal  problems  in  any  future  etatle 
teste,  a rapid  anethod  of  loading  the  hull  to  e condition  producing 
■ore  areelistic  strains  should  be  used.  Testing  should  also  be  carried 
out  in  the  early  hours  of  the  anorning  «fhan  the  hull  should  be  in  a 
■ore  thearmally  stable  condition. 

Dynamic  test  anins  on  tho  open  sea  would  certainly  prodnoa 
■neh  learger  strains  on  the  hull,  but  multl-chaamel  dyauunic  instarumanta- 
tlon  would  have  to  be  developed  to  record  the  data  accurately.  A 
snber  of  accelerometers  would  also  be  required  to  help  oorrelate  the 
strain  data  aaad  permit  oosparison  between  tuns  taken  before  end  after 
any  futuare  sodifloatlons.  The  project  would  thua  beooma  a major 
areaearda  affort  whi^  would  have  to  ba  justified  because  of  the  high 
ooata  iaivolvod. 


TABIg  1 


vosinoR 

NO. 

GKDGB 

TYPE 

LOCATION  OP  STRAIN  GA06BS 

1 

BoMtt* 

Oppar  dack  Port  slda;  152  aai  forward  of 

NTB  22  and  330  m froai  inboard  adga  of 
dack. 

2 

Oppar  dack  atarfaoard  sida;  1257  wm  aft 
of  NTB  22  and  330  wm  froai  inboard  adga 
of  dack. 

3 

Tank  dack  Port  sidai  152  ■■  forward  of 

NTB  22  and  908  am  tram  aida  of  ahip. 

4 

SOMtttt 

StaiAioard  portabla  plata  hatch  on  outboard 
aida  wall  1854  am  aft  of  NTB  22  and  305  am 
abova  dack. 

5 

SOMtt* 

Bngina  rooai;  panal  of  NTB  22,  102  am  to 

Port  of  ahip  cantra-lina  and  572  aai 
abova  laval  of  tank  dack. 

6 

ROMtt* 

Bngina  rocB)  atarboard  aida  plata, 

1181  am  aft  of  NIB  22  and  102  an  abova 
china  wald. 

7 

ROMtt* 

Bngina  rocai;  atarboard  aida  plata, 

108  an  forward  of  10th  vartical  atiffanar 
back  froai  NTB  22  and  2432  an  balow  laval 
of  vvpar  dack. 

8 

Linsar 

Bngina  rocn;  atarboard  aida,  on  tha  adga 
of  tha  ai^th  vartical  atiffanar  bade 
fron  NTB  22  and  133  an  balow  top  oomar 
guaaat. 

9 

Linaar 

Bngina  roon;  port  aida,  on  tha  adga  of 
tha  tanth  vartical  atiffanar  back  fron 

NIB  22  and  368  an  abova  dtina  wald. 

10 

Linaar 

Bngina  rooni  atarboard  portabla  plata 
hatch  frana  on  forward  atiffanar  127  an 
fron  NIB  22  and  279  an  fron  aida  of  hatch. 

U 

Unaar 

Bngina  rooni  atarboard  portabla  plata 
hatch  frana  on  aida  atiffanar  445  an  aft 
of  NIB  22. 

12 

tinaar 

Oppar  dacki  atarboard  aida  of  5563  an 
forward  of  NTB  22  and  451  an  fron  aida  of 
ahip. 
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TABLE  2 

CHANGES  IN  STRAIN  (MICRO  STRAIN) 


STRAIN 

GAUGE 

POSITION 

NO. 


Rosette 

la 

b 

c 


Rosette 

2a 

b 

c 


Rosette 

3a 

b 

c 


Rosette 

4a 

b 

c 


Rosette 

5a 

b 

c 


Rosette 

6a 

b 

c 


Rosette 

7a 

b 

c 


Linear 

8 


Linear 

9 


Linear 

10 


Linear 

11 


Linear 

12 


SHIP  FLOATING 
TO 

FULLY  UP  SLIPWAY 
UNMOTIFIED 


SHIP  FULLY  UP 
SLIPWAY 
TO  FLOATING 
MODIFIED 


SHIP  FLOATING 
THERMAL  EFFECTS 
OVER  2 HOUR  PERIOD. 
NO  LOAD  APPLIED. 


lltiwi'r'n-*-  a,. 


TABI£  3 


STRAIN 

GAUGE 

POSITION 

NO. 

CHANGES  IN  STRAIN  MICRO  STRAIN 

LOADING  FROM 
MAXIMUM  SAGGING 

TO  MAXIMUM  HOGGING 

SHIP  WARMING  UP 

NO  LOADING  APPLIED 
5.15  AM  TO  7.15  AM. 

SHIP  WARMING  UP 

NO  LOADING  APPLIED 
8.00  AH  TO  1.15  PM. 

Rosette  la 

104 

56 

-96 

b 

41 

8 

82 

c 

-4 

17 

166 

Rosette  2a 

121 

112 

-300 

b 

43 

71 

-227 

c 

2 

18 

59 

Rosette  3a 

76 

43 

-103 

b 

74 

-37 

41 

c 

-58 

-3 

71 

Rosette  4a 

7 

26 

-10 

b 

-47 

-30 

-53 

c 

-31 

7 

38 

Rosette  5a 

-35 

-18 

206 

b 

7 

10 

24 

c 

25 

14 

-122 

Rosette  6a 

-31 

39 

-21 

b 

82 

28 

-5 

c 

5 

-6 

43 

Rosette  7a 

30 

37 

-27 

b 

34 

25 

5 

c 

-36 

10 

29 

Linear  8 

. . 

-108 

17 

45 

Linear  9 

8 

-3 

-52 

Linear  10 

-74 

-38 

42 

Linear  11 

130 

32 

-2 

Linear  12 

83 

78 

18 

FIG.  1.  GENERAL  LAYOUT  OF  SHIP  SHOWING  GAUGE  LOCATIONS. 


Port  side  of  ship 


Outboard 


Bollards 


Inboard  edge 
upper  deck 


FIG.  2.  ROSETTE  GAUGE  No.  f ON  UPPER  DECK 


Inboard  edge  upper  deck 


Starboard  side  of  ship 


FIG.  3.  ROSETTE  GAUGE  No.  2 ON  UPPER  DECK 


FIG.  4.  ROSETTE  GAUGE  No.  3 ON  UPPER  DECK, 


Centre  line 
stiffener 


0O 

Gauges 


c 

Down 


Deck  line  weld 


FIG.  6.  ROSETTE  GAUGE  No.  6.  ON  WTB.  22 


WTB22 


Water 

tank 


CT 

Down 


Chine  weld 


Hull  bottom 


FIG.  7.  ROSETTE  GAUGE  No.  6.  ON  STARBOARD  SIDE  OF  HULL 


FIG.  5.  ROSETTE  GAUGE  No.  4 ON  SIDE  WALL  OF  PORTABLE  PLATE  HATCH 


8lh  Stiffmer  aft  of  WTB.  22 

FIG.  9.  LINEAR  GAUGE  No.  8 ON  EDGE  OF  STIFFENER  No.  8 AFT  OF  WTB  22 


FIG.  ia  LINEAR  GAUGE  No.  9 ON  EDGE  OF  STIFFENER  No.  10  AFT  OF  WTB.  22 


laam 


FIG.  11.  LINEAR  GAUGES  No  10  8e  No  11  ON  STARBOARD  HATCH  COAMING. 


FIG.  12.  LINEAR  GAUGE  No.  12  ON  STARBOARD  UPPER  DECK 
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